Cereal aphids (Hemiptera: Aphididae) are economically important pests in all wheat-producing regions of Brazil and about eight species can be found in wheat crops. Aphids acquired the condition of severe pest in wheat in the 1970s, due to the emergence of Metopolophium dirhodum and Sitobion avenae. A successful biological control program of wheat aphids was introduced in southern Brazil in 1978. This study describes temporal changes in aphid populations in a wheat producing area in the northern region of Rio Grande do Sul (RS) state, Brazil. Data from weekly samples (water traps of Moericke type) for the current (May to November 2008November , 2009November and 2010 population frequency of each species was compared with 1970s populations. In addition, their seasonal fluctuations and the influence of rainfall and temperature on their populations were estimated. The species collected, and their frequencies, were as follows: Rhopalosiphum padi (57.6%), Sitobion avenae (31.0 %), Schizaphis graminum (7.7%), Metopolophium dirhodum (1.4%), Rhopalosiphum rufiabdominalis (0.9%), Rhopalosiphum maidis (0.6%), Sipha maydis (0.4%) and Sipha flava (0.4%). Aphids populations in winter cereals in northern RS have changed radically. The high populations of M. dirhodum in wheat in 1970s have been reduced to such levels that rarely have been found. Nowadays, R. padi was the predominant species. When the rainfall remained between 0-20 mm and temperatures between 15-20 ºC, aphid populations were more numerous than the average for the sampling period.
Introduction
Aphids (Hemiptera: Aphididae) are economically important pests in all wheat-producing regions of Brazil . They cause direct damage to crops by inserting their stylet on plant cells and tissues, triggering reactions and cell death by the toxins and enzymes in their saliva, and by sucking plant sap. Indirect damages result from the transmission of Barley/Cereal yellow dwarf virus (B/CYDVs) the causal agents of yellow dwarf disease (YDD), a frequent disease in wheat and oat fields in southern Brazil (Parizoto et al., 2013) . YDD -like symptoms have been reported in the country since 1929 and Caetano (1968) first described its etiology. control led to a population explosion and wide dispersion of these insects that soon became the main pests of wheat and other winter cereals crops. This occurred in the extreme south of the country, especially in the states of Rio Grande do Sul (RS), Santa Catarina (SC) and Paraná (PR). Aphids have become limiting to wheat production in the southern region occurring at an alarming level, causing drastic reductions in productivity. In Rio Grande do Sul, in 1971, was recorded the occurrence of 150 individuals of S. avenae/spike (Kober, 1972) . In Paraná, in 1974, 183.7 and 167 .4 aphids/plant peaks were observed for M. dirhodum and S. avenae, respectively (Pimenta & Smith, 1976) . On the plateau of Rio Grande do Sul, in 1974 and 1976 in plots without control aphids, wheat yields suffered losses of up to 88% and 56%, respectively (Salvadori & Salles, 2002) . It was estimated that the damage caused by aphids on wheat production in southern Brazil were more than 20% in the period 1967-72 and that the incidence of infested plants reached 100% in some areas (Caetano, 1973) . The control of wheat aphids was done without the integrated management criteria, through the intensive use of chemical insecticides.
In this scenario, the wheat aphids biological control program in Brazil was designed by the National Center of Wheat Research (Embrapa Wheat), unit of Brazilian Agricultural Research Corporation (Embrapa), targeting M. dirhodum and S. avenae, whose population levels and damage to culture have become alarming in the 1970s. The program was developed from 1978 with the support of FAO and the University of California -Berkeley, USA and collaboration of many others national and international institutions. To mitigate the problem, classical biological control was adopted, introducing natural enemies, especially parasitoids, coming mainly from regions of origin of the target pests (Salvadori & Salles, 2002) . After the introduction of the biological control program the occurrence of the aphids has decreased, and the relative importance of each species has changed. Evidence shows that R. padi populations have expanded on winter cereals, both in Rio Grande do Sul and Paraná states becoming one of the predominant species on those crops ).
Since the 1980s, especially after the biological control programs that were established, systematic surveys on the status of southern wheat aphid populations have not been conducted. During this period, changes in the agricultural production system as increased areas with oat crops, and adoption of new technologies (cultivars, no tillage farming system, etc.), besides climate change, may have altered the relative importance of aphid pest species and their seasonality.
Aphid populations often have a widely year-to-year fluctuations. These populations are affected simultaneously by biotic and abiotic factors, but questions remain regarding the main factors that cause this variation, especially natural enemies (Leslie et al., 2009) . Weather conditions are considered the main variables that affect the dynamics of aphid populations (Risch, 1987) . The incidence of prolonged or heavy rainfall has been mentioned as a limiting factor for the growth of aphid populations (Dixon, 1977; Gassen, 1984) . Temperature is also another dominant abiotic factor. For aphids temperature has been shown to be a reliable indicator of future population growth (Brabec et al., 2014; Finlay & Luck, 2011) . Mild temperatures, 18-25 °C, and rain shortages create conditions that are ideal for aphid reproduction and development (Gassen, 1984) .
The aim of this study was describe temporal changes in cereal aphids populations in winter crops in the north of Rio Grande do Sul state, Brazil. The current aphids populations (data from Coxilha) were compared with populations of the 1970s (data from Passo Fundo, 12 km away). We also investigated the relationship between the oscillations of the populations of aphids and temperature and precipitation.
Material and Methods
This research was conducted in a field area of approximately 5,500.0 m 2 located at Coxilha -Rio Grande do Sul state (710.0 m altitude, 28º11'42.8"S and 52º19'30.6"W), representative of the Middle Plateau wheat crop region in the north of Rio Grande do Sul. The sampling period was from May to November 2008 November , 2009 November and 2010 . Data on rainfall and air temperature were obtained from the main meteorological station of Passo Fundo, RS (28º15'S, 52º24'W, 684 m) located 12 km from the experimental area.
The field was conducted in no-till farming system. Oat (Avena strigosa Schreb, var Agrozebu) was sown 15 to 20 days preceding the 1 st sowing of wheat. It was sown in three, 113 m long and 4.5 m wide rows, one on each side of the experimental area, and one at the middle. The wheat, Triticum aestivum L., was sown between the oat rows, and was divided into two parts. The first one was sown up to June 15th, and the second one after 30 days (July).
The winged aphid population was monitored with water traps of Moericke type (yellow tray, 45 cm long × 30 cm wide × 4.5 cm tall). Each tray had three side holes (5 mm diameter), near the border, protected by a fine screen to prevent leakage and loss of solid content during the rains.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; Nine traps were distributed throughout the three oat rows (three for each row) and 18 traps on the edges of the wheat plots (nine for each sowing date). The traps were positioned only after emergence of the seedlings, and leveled approximately 20 cm from the ground, with the aid of bricks. Near the trap, a gap of a 1.5 m × 1.5 m was opened to make it more visible.
Every week, each trap received 2.0 liters of solution prepared with water, 40% formalin (0.3%) and detergent (0.2%). If necessary the solution was replenished during the week. Every seven days, the solid content of the trays, separated from the solution through the sieve, was collected. The biological material was packed in a glass bottle with 70% alcohol. In the laboratory, with the aid of a stereoscopic microscope, the aphids were separated, identified and counted. Species identification was performed by the aid of taxonomic keys (Blackman & Eastop, 1984; Stoetzel, 1987; Stoetzel & Miller, 2001; Pereira et al., 2009 ).
The current frequencies of aphid species were determined. In order to analyze aphid population changes after the biological control program that was established in Southern Brazil, the mean numbers of aphid/trap/year of the current population were compared with the aphid population from May to November of 1971 to 1977. These data were obtained in the same region (28º15'S, 52º24'W) and using the similar traps (30 cm long × 20 cm wide × 5 cm tall) (V. R. Caetano & V. R. Caetano, 1978) .
In order to describe patterns of variation in cereal aphid population we calculated the average number of aphids/trap/week, which was used to generate distribution curves of the various species throughout the sampling period. The numbers of aphids were confronted with data on accumulated rainfall during the week prior to collecting, and the average temperature during that period. In order to infer the conditions that allowed aphid populations to grow, classes of frequency for these two climatic variables were established, considering the distribution of all weekly samplings (78) with respect to the weeks in which aphid populations were above average. We then calculated the deviations from the mean with respect to the total population.
Results and Discussion
The following aphids species were associated with cereals during the entire sampling period ( Caetano, 1978 ) are compared with current data (2008) (2009) (2010) , for the period from May to November -26 weeks of sampling), it is evident that the current total aphid population is less than 2% of the total population in the 1970s (Table 1) . Most of this reduction is due to changes in the population of M. dirhodum. In the 1970s, this species corresponded, on average, to 97% of the aphid population. Currently, it represents around 2% of it. Conversely, R. padi is currently the most abundant species (57.6%), whereas in the 1970s it represented less than 1% of the aphid population on wheat. With the deep decline in the population of M. dirhodum, other species have come to represent a greater proportion of the total aphid populations, especially S. avenae and S. graminum. However, their populations, in absolute terms, have either decreased (S. avenae) or are equivalent to those of the 1970s (S. graminum). The only species that has undoubtedly increased its representation is R. padi. S. maydis, a species that was not present in Brazil in the 1970s, is excluded from this comparison. Reported in Brazil for the first time in 2006 , S. maydis did not exceed 0.5% of the total population in our samples (2008) (2009) (2010) . Note. 1 Based on data from V. R. Caetano and V. R. Caetano (1978) ; 2 Coxilha, RS (this study).
From the results obtained over three years for the four species most commonly associated with winter cereals, R. padi presented a bimodal temporal distribution, with population peaks in the autumn-winter and spring, and was present throughout the period (Figure 1 ). Previous field surveys have reported on the prevalence of R. padi, and its ability to settle at different times of the year in southern Brazil ). This may be related to the adaptive plasticity of the species, which colonizes various organs of the hosts. Under field conditions, R. padi has been found from the roots to the reproductive organs of plants. Moreover, it occurs in different host species in southern Brazil, for instance in oat and corn. The increase in populations of R. padi with respect to the 1970s may be related to its capacity to colonize other cultures that have become more important since that period. Vol. 7, No. 10; Sitobion avenae was abundant in the spring, following the same pattern of occurrence registered in the 1970s (V. R. Caetano & V. R. Caetano, 1978) for this region. The peak population of S. avenae should be largely related to the availability of hosts in the suitable development stages for the species. Under field conditions, frequent outbreaks of S. avenae have been reported during earing of the wheat, regardless of the time it occurs (e.g. in July in northern Paraná).
The S. graminum population peaked from May to July, in the early stage of plant development. In Coxilha, the period covered by this study is not the most suitable for S. graminum. However, in years with mild temperatures, outbreaks of S. graminum have been reported, especially in autumn, on oats.
In our sampling M. dirhodum was detected mainly in the second semester (late winter -spring), which corresponds to the same period when the species was abundant in the 1970s survey (V. R. Caetano & V. R. Caetano, 1978) , before the biological control of aphids on wheat.
In summary, the seasonal distribution pattern observed for each of these species is similar to that described for the 1970s (V. R. Caetano & V. R. Caetano, 1978) , but the relative importance of each species has changed. The quantitative composition of the aphid populations suffered great variation in the three years of our analysis. Despite seasonal variations and the availability of hosts in suitable phenological stages, environmental conditions have affected the growth of populations.
Considering all species of cereal pests during the three years sampled, 2010 was the most favorable for aphid population growth: five times as many aphids were collected than in 2009, and twice as many than in 2008 (Figure 2 ). This variation can be explained by the effect of abiotic factors, such as rainfall and temperature. (Figure 2 ). High levels of accumulated precipitation and heavy and/or prolonged rainfall limits aphid populations to low densities (Dixon, 1977; Gassen, 1984; Leslie et al., 2009) . Conversely, when rainfall is low, the populations tend to increase (Walker et al., 1984) . Analyzing the accumulated rainfall per week, it can be observed that on most weeks (65.2%) when aphids were collected in numbers above the average (2.7 aphids/trap/week), rainfall was between 0-20 mm (Table 2 ). This suggests that such precipitation conditions are favorable to aphid populations, or at least do not limit them. Disregarding the exception of one sample, in which high precipitation occurred three days before sampling, the amount of aphids collected in the weeks when rainfall classes were above 60 mm were not above average (Table 2) . However, there were periods when the low amount of aphids coincided with low rainfall, indicating that rain is not sufficient to explain the growth of aphid populations, and that other factors are involved. With respect to temperature (Table 3 ), the 23 weeks in which the average number of aphids/trap/week was greater than the average (2.7), the most frequent thermal class was 17.5 to 20 °C, with the greatest population increase between 15 and 20 °C. These results corroborate that the temperature strongly affects aphids, which become more abundant where and when the temperature is higher in the growing season of winter cereals (Caetano, 1972; Caetano, 1973; Gassen, 1984) . It is noteworthy that other factors, besides the temperature, affected the population of aphids, since in some cases the number of aphids failed to increase when temperatures were favorable. 
Note.
1 SA > 2.7: Number of weeks when the observed aphid population was greater than the mean number of aphids during the entire sampling period (2.7 aphids/trap); 2 Deviation %: % SA -% SA > 2.7.
Conclusion
In conclusion populations of aphids in winter cereals in southern Brazil have changed radically. The devastating populations of M. dirhodum during the boom years of wheat cropping have been reduced to such levels that rarely need to be controlled. The vacated niche and changes in the production system were optimal for R. padi, a species adapted to colonize different hosts, and which became the predominant species with the greatest seasonal distribution. For other species its occurrence was limited to certain seasons and stages of their hosts. Populations of aphids above the average for the period were predominantly found when rainfall remained between 0-20 mm and the average temperatures between 15-20 ºC.
